Ubiquitination of the PEST-like endocytosis signal of the yeast a-factor receptor.
A 58-residue-long, PEST-like sequence within the yeast a-factor receptor (Ste3p) specifies the ubiquitination, endocytosis, and consequent vacuolar degradation of the receptor protein (Roth, A. F., Sullivan, D. M., and Davis, N. G. (1998) J. Cell Biol. 142, 949-961). The present work investigates three lysyl residues that map within this sequence as the potential ubiquitin acceptor sites. Lys --> Arg substitution mutants were tested for effects on both ubiquitination and endocytosis. Results indicate that the three lysines function redundantly; a severe blockade to both ubiquitination and endocytosis is seen only for receptors having all three lysines replaced. Of the three, Lys(432) plays the predominant role; ubiquitination and turnover are significantly impaired for receptors having just the K432R mutation. CNBr fragmentation of the receptor protein, used for the physical mapping of the ubiquitin attachment sites, showed PEST-like sequence lysines to be modified both with single ubiquitin moieties as well with short multi-ubiquitin chains, two or three ubiquitins long. Thus, in addition to being the signal for ubiquitination, the Ste3p PEST-like sequence also provides the site for ubiquitin attachment. To test if this endocytosis signal functions solely for ubiquitination, we have asked if the requirement for the PEST-like sequence in endocytosis might be bypassed through pre-attachment of ubiquitin to the receptor protein. Indeed, Ste3-ubiquitin translational fusions that have a ubiquitin moiety fused to the receptor in place of the PEST-like signal do undergo rapid endocytosis and vacuolar turnover. We conclude that ubiquitin alone, with no required contribution from receptor sequences, provides the sufficient signal for initiating uptake. In addition, our results confirm conclusions originally drawn from studies with the alpha-factor receptor (Terrell, J., Shih, S., Dunn, R., and Hicke, L. (1998) Mol. Cell 1, 193-202), namely that mono-ubiquitin, and not multi-ubiquitin chains provide the primary recognition determinant for uptake. Although mono-ubiquitination suffices, our results indicate that multi-ubiquitination serves to augment the rate of uptake.